Abstract -Silica nanoparticles (NPs) belong to the industrially most important NP types. 1
INTRODUCTION
6 alumina coating is applied to their surface (Li and Stöver, 2008) . Because of their numerous 55 applications and high production volumes, both silica and alumina were included in the list 56 of representative nanomaterials adopted by OECD's working party on manufactured 57 nanomaterials (OECD, 2010) . 58
In a previous study, we demonstrated that bare SiO 2 NPs were stable in algal test medium 59 and that their ecotoxicity was related to their surface area. Furthermore, the NPs were found 60 attached to the algal cell wall and toxicity was not due to particle dissolution (Van Hoecke 61 et al., 2008). However, in the present study it was hypothesized that an alumina coating 62 might alter the particle-particle, particle-alga and particle-test medium interactions of SiO 2 63
NPs. Therefore, NP suspension stability was investigated in test media with varying pH and 64 natural organic matter (NOM) concentration. In algal growth inhibition assays with 65
Pseudokirchneriella subcapitata the influence of both parameters on SiO 2 and alumina 66 coated SiO 2 NP toxicity was assessed. In order to prevent erroneous conclusions due to 67 particle-alga interactions, algal growth was measured based on cell density (measured 68 directly with a cell counter) or on chlorophyll contents relative to a standard series of non 69 exposed cells with known cell densities. Finally, we investigated here the appearance of a 70 concentration three replicates and one background correction (no algae added) were 154 included. The replicates were inoculated with 10 4 algal cells/ml. During the 72 h test, all 155 flasks were incubated at a temperature of 25 °C under continuous illumination 156 (70 µE/(m 2 .s)) and were shaken manually three times a day. Every day, the algal cell 157 density was measured in all replicates based on both an electronic cell count and 158 chlorophyll contents. In the former method, a sample was introduced into a cell counter 159 (Beckman Coulter Counter, Gent, Belgium) and the number of cells/ml was determined. 160
The latter method consisted of adding 3 ml extraction mixture (dimethylsulfoxide 161 (DMSO):acetone 1:1) to a 0.75 ml sample, vortexing and allowing to stand in the dark for 162 20 minutes to extract the chlorophyll. Chlorophyll fluorescence was recorded with a 163 spectrophotometer (LS50B, Perkin Elmer, Zaventem, Belgium) in a 1 cm quartz cuvette at 164 a wavelength of 671 nm, using an excitation wavelength of 431 nm (Mayer et al., 1997) . 165 Preliminary research indicated that the presence of both NP types in the concentrations used 166 in the experiments did not affect the fluorescent signal of chlorophyll (results not shown). 167
The algal cell density was determined against a concentration series of algal cells in OECD 168 medium that had been inoculated with the same culture and extracted under identical 169 conditions. Each day, a new algal concentration series was prepared and analyzed. The 170 average specific growth rate µ (1/d) was calculated as the slope of a linear regression of the 171 natural logarithm of the measured cell density (corrected for background or blank) versus 172 time. Data analyzed after 48 h were reported here, because experiments performed at pH 173 6.0 and 8.6 did not always meet the validity criteria prescribed by the OECD when 174
analyzed at 72 h. Where possible, data analyzed after 72 h is given in the supplementary 175 information section. A log-logistic or modified log-logistic concentration-response curveusing 1000 mg/l NP suspensions in OECD medium at pH 7.4. The experimental approach 180 consisted of two 96 well plates, i.e. an opaque plate fixed on top of a white plate. Basically, 181 the chlorophyll contents upon spatially separating particles and algal cells was compared to 182 the chlorophyll contents when algal cells and NPs were added to the same well. The same 183 set-up was formerly described in Hund-Rinke et al. Figure S3A . At the highest test concentration of 220 mg/l no 275 significant reduction in algal growth rate was observed for SiO 2 NPs at pH 6.0. At pH 6.8 276 and 8.6, concentration-response curves were similar, for which 10 % effect concentrationsobserved at pH 7.6, with 48 h-E r C10 of 6.1 mg/l. The alumina coated SiO 2 NPs showed a 279 different pH influence on toxicity ( Figure 3B ). At low test concentrations, no clear pH 280 effect was observed. At the higher test concentrations, pH 8.6 resulted in the lowest toxicity 281 with a NOEC of 100 mg/l. At pH values 6.0, 6.8 and 7.6, the NOECs were 4.6 mg/l. The 282 52 % decrease in algal growth rate in the highest test concentration at pH 6.0 was the only 283 exposure condition causing an effect > 50 %. The 48 h effect concentrations, NOECs and 284
LOECs can be found in Table 4 . Concentration-response curves obtained using cell 285 counting and corresponding effect parameters are given in the supplementary information 286
in Figure S3B and Table S2 . 287
In addition, the relation between toxicity and specific surface area of both particles 288 can be evaluated. Based on the specific surface area measurements (203 m 2 /g for the 289 alumina coated SiO 2 NPs and 102 m 2 /g for the SiO 2 NPs) only, the alumina coated SiO 2 290
NPs were expected to be most toxic. However, from Tables 3 and 4 it is clear that the 291 difference in toxicity cannot be explained by surface area. For example, at pH values 6.8-292
8.6 48 h-E r C 20 s of SiO 2 NPs ranged between 9.9 and 20.4 mg/l, while those of alumina 293 coated SiO 2 NPs were higher and ranged between 25.2 and 342.1 mg/l. This demonstrates 294 that here, in case of different surface chemistry, toxicity was not governed by specific 295 surface area only, and that coating characteristics can dominate toxic response. 296
Finally, the influence of natural organic matter (NOM) on the toxicity of both NP 297 types was assessed at pH 7.4. Addition of NOM to the test medium before spiking the NPs 298 decreased their toxicity. For SiO 2 NPs, 48 h-E r C10 values were 25.6, 120.6 and 263.5 mg/l 299 in presence of 1.2, 4.7 and 9.0 mg C/l NOM, respectively, which represents a 2-19 fold 300 increase. All ecotoxicological effect parameters are summarized in Table 5 . No toxicity 301 was observed at the highest test concentration of 1000 mg/l alumina coated SiO 2 NPs in 302 presence of any concentration of NOM. Figure 4A and 4B show all concentration-response 303 curves assessed using chlorophyll detection. In Table S1, Table S2 The 96 well plate experiments to assess the shading effect indicated that toxicity 307
was not due to light limitation. When algal cells and NP suspensions were spatially 308 separated, no decrease in chlorophyll contents relative to the control was observed. 309
However, when algal cells were directly exposed to the NP suspensions, chlorophyll 310 contents decreased with >80 % relative to the control. The results are graphically shown in 311 Figure 5 . 312
Interactions between nanoparticles and test medium 313
First, the Vivaspin 20 filter performance was checked for retaining or leaching of 314 analytes. In four filtering processes with OECD medium no phosphate or ammonium was 315 retained by the filters. Mean (std. dev.) recoveries of 100.8 (2.4) and 100.2 (0.7) % were 316 obtained, respectively. On the other hand, leachage of these nutrients into filtered deionized 317 water was negligible because absorbance values were not significantly higher than those of 318 deionized water blanks that were not forced through the filters. The concentration of 319 dissolved silica in filtered OECD medium and deionized water run through a particle 320 containing filter was beneath the detection level of the colorimetric method (< 0.050 mg/l). 321
Finally, after filtering a 0.5 mg/l Al standard in OECD medium at pH 2, a recovery of 90.4 322 (9.8) % was obtained. 323
The SiO 2 NPs partially dissolved in OECD medium and their solubility was pH 324 dependent, as presented in Table 6 . At pH 8.6, 68.6 mg SiO 2 /l reactive silica was present in 325 the highest SiO 2 NP concentration of 460 mg/l, which is a reactive silica concentration 11 326 times higher compared to the same suspension at pH 6.0. On the other hand, the reactiveSiO 2 . Only in the filtrate of the 460 mg/l suspension at pH 8.6 a significant amount of 330 aluminum was detected (0.068 mg/l or 2.5x10 -3 mM). However, the chemical speciation 331
program Visual MINTEQ indicated that only 3.12x10 -5 mM ionic Al can be present in 332 OECD medium at pH 8.6. Any excess of Al was predicted to precipitate as the mineral 333 diaspore (α-AlO(OH)). On the other hand, Parent et al. (1996) reported 30 % reduction in 334 algal growth rate of the green alga Chlorella pyrenoidosa exposed to 6.2 µM mononuclear 335 inorganic Al for 96 h. As a consequence, it is not likely that the decrease in algal growth 336 rate during exposure to alumina coated SiO 2 NPs was caused by the presence of inorganic 337 mononuclear dissolved Al. However, very small (< 10 kDa) secondary diaspore colloids in 338 460 mg/l suspensions at pH 8.6 could have passed the ultrafilter. Also, aluminum is known 339 to form polynuclear compounds (Parent et al., 1994). Such colloids and/or polynuclear 340 compounds could have been formed after partial dissolution of the Al(OH) 3 coating and 341 desorption of Al 3+ and/or its dissolved hydroxides. Hence, it cannot be excluded that these 342 small secondary colloids did not contribute to the observed toxic effects. 343
Colorimetric Al analysis of 0.5 mg/l standards in OECD medium (without Fe and EDTA) 344 at various pH values before and after ultrafiltration experimentally confirmed the predicted 345 precipitation of the Visual MINTEQ program. Indeed, at pH 4.5, 7.6 and 11.0, recoveries 346 (std. dev. on the mean of five replicates) of 3.3 (3.6), 15.0 (14.4) and -0.1 (3.7) % were 347 obtained, which allowed to conclude that Al precipitated and did not pass the ultrafilter. On 348 the other hand, 48 h-NOECs ≥ 100 µg/l (3.7 µM) were established for the (precipitated) 349 alumina standard tested in the pH range of 6.0-8.6. The lowest NOEC of 100 µg/l was 350 observed at pH 6.8, while the highest NOEC of 460 µg/l was observed at pH 7.6 and 8.6. At 351 the highest test concentration of 2200 µg/l total Al, toxicity was highest at pH 6.0 and 6.8. 
DISCUSSION 385
Because of the identical composition of the core material, both particles are sold as 386 a colloidal silica suspension. However, from the characterization data, it is clear that the 387 alumina coating completely changed the particle surface characteristics and stability 388 behaviour. Consequently, our results emphasize the importance of detailed product 389 specification in nanoparticle containing products and in nanoparticle studies. The difference 390 in stability in the OECD medium can be explained using the zetapotential measurements. The bare SiO 2 NPs were more toxic to the alga compared to the alumina coated 400 specific surface area. Apparently, the alumina coating interacted differently with the alga. It turned out that NP toxicity can be strongly pH dependent. In general, except at pH 448 6.0, the bare SiO 2 NPs were more toxic compared to the alumina coated ones. However, it 449 is currently not clear why no toxic effect was observed for the SiO 2 NPs at pH 6.0.the alumina coating on SiO 2 NP characteristics was apparent from the algal growth 452 inhibition tests assessed at various pH values. Alumina coated SiO 2 NPs were shown to be 453 most toxic at pH 6.0 and 6.8 and least toxic at pH 8.6. Possibly, the pH dependent 454 phosphate adsorption contributed to the differential toxicity (Figure 6) . Indeed, since no 455 phosphate was available at high test concentrations at pH 6.0 and 6.8, the algae could have 456 suffered from a lack of nutrients. Previously, it was shown that decrease in algal growth 457 The addition of NOM to the test media strongly decreased toxicity. Since the NOM 470 was able to adsorb to the alumina surface, the decrease in toxicity could be due to the 471 Table 5 , were found to increase linearly with 480 increasing NOM concentration, which is illustrated in Figure 7 . In Figure S7 , the 72 h 481 toxicity data of these tests are also presented. Table S5 lists the a, b and determination 482 coefficient (R 2 ) parameters of the linear regressions, calculated using least squares analysis. 483
However, to date it is not clear through which mechanism the NOM decreased SiO 2 NP 484 toxicity. Unlike for the alumina coated SiO 2 NPs, it was difficult to separate the bare SiO 2 485
NPs from the NOM due to the colloidal stability of the suspension. Consequently, the NOM 486 adsorption to SiO 2 NPs could not be quantified. Humic acid, one of the components of 487 NOM, was not found to adsorb to SiO 2 NPs, which was explained through the high 488 The authors suggested that either a hydrogen-bonding sorption mechanism between 495 negatively charged functional groups in the DOM and on the cell surface or the formation 496 of hydrophobic bonds between both are involved. 497
In conclusion, the assessment of particle-particle, particle-test medium and particle-498 alga interactions confirmed that the application of a thin layer of alumina onto the surface 499 of SiO 2 NPs completely altered their characteristics. First, due to the low surface charge, 500 alumina coated SiO 2 NPs aggregated in test medium, while bare SiO 2 NPs were stable. 501 Second, bare SiO 2 NPs were more toxic in standard OECD test medium and showed a 502 different pH dependent toxicity compared to the alumina coated ones. Third, dissolution 503 and nutrient adsorption characteristics were different. As a consequence, coating 504 formulations should be taken into account when performing risk assessments of engineered 505 Color for publishing on the web :
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